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@ Nickel-chromium alloy. 

@ The present invention provides a nickel-chromium alloy in 
which it has an excellent mechanical character and improves a 
pitting corrosion resistance, a stress corrosion cracking resist- 
ance and a crystal boundary etching resistance, and the Ni-Cr 
alloy is obtained by carrying out an annealing treatment under 
required conditions, said alloy having the following composi- 
tion: 

in therms of % by weight. 

40 - 70% of Ni; 

0.015% or less of C; 

1.0% or less of Si; 

25 - 35% of Cr; 

1.0% or less of Mn; 

0.030% or less of P; 

0.020% or less of S and 

the residue comprising Fe and impurities. 
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2. 0109350 

The present invention relates to a non-deposition 
hardening type nickel based alloy which will be subjected 
to a high-temperature and high-pressure water or vapor 
and which has a remarkably improved crystal boundary 
etching resistance, mechanical properties and pitting 
corrosion resistance, in addition to the maintenance of 
a stress corrosion cracking resistance, and further has 
a bettered stress corrosion resistance in an aqueous 
NaOH solution. 

The present invention relates to a nickel-chromium 
alloy excellent in a stress corrosion cracking resistance, 
more specifically, to a nickel-chromium alloy in which 
the stress corrosion cracking resistance is noticeably 
improved by depositing an insolubilized carbide in grains 
thereof and by strengthening a coating on the surface 
thereof. 

The present invention also relates to an alloy for 
a heat transfer pipe, particularly to an alloy for a heat 
transfer pipe on the secondary side of a nuclear reactor. 

Heretofore, as materials, for a container for giving 
off vapor in a nuclear reactor, which will be exposed to 
the high-temperature and high-pressure water or vapor, 
for example, at 200 to 400°C and at 50 to 200 atm, and 
as materials used under a cooling system environment in 
a nuclear reactor, there are nickel based alloys such as 
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INCOROI 800 (trade name), and INCONEL 600 (trade name) 
and INCONEL 690 (trade name) set forth in Table 1 below. 
In recent years, these alloys have further been treated 
by heating them at a rather lower temperature than a level 
5 (hereinafter referred to as T°C), at which a carbide is 

thoroughly solubilized, alternatively by further addi- 
tionally specifically heating and retaining them at a 
temperature of 650 to 750°C, in order to improve the 
crystal boundary etching resistance and stress corrosion 

10 cracking resistance. 

However, the nickel based alloys which have undergone 
such a conventional thermal treatment are still poor in 
the pitting corrosion resistance and stress corrosion 
cracking resistance. 

i5 i n view of the above-mentioned conventional techniques, 

an object of the present invention is to provide a method 
for a thermal treatment of a nickel based alloy without 
such drawbacks above, i.e. a method for a thermal treat- 
ment of a nickel based alloy by which its mechanical 

20 properties, pitting corrosion resistance, stress corrosion 

cracking resistance and crystal boundary etching resistance 
can be improved. 

For the aforesaid object, the summary of the present 
invention is directed to a nickel based alloy, characterized 

25 in that said nickel based alloy for a material which will be 
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subjected to a high-temperature and high-pressure water 
or vapor comprises, in terms of % by weight, 58% or more 
of Ni, 25 to 35% of Cr, 0.003% or less of B, 0.012 to 
0.035% of C, 1% or less of Mn, 0.5% or less of Si, 0.015% 
or less of P, 0 .015% or less of S, and the residue of Fe 
and usual impurities; in a first thermal treatment process, 
said nickel based alloy is heated and retained at a 
temperature of T°C to (T + 100)'C and is cooled at a greater 
cooling rate than a furnace cooling rate; and in a second 
thermal treatment process, said nickel based alloy is then 
retained at a temperature of 600 to 750°C and a temperature 
within a sensitization recovery range for a period of 
0.1 to 100 hours and is cooled at a greater cooling rate 
than said furnace cooling rate. 

Heretofore, for tubes, containers and their fittings 
used in stress corrosion cracking environments including 
CI" ions in nuclear reactors, chemical plants and the like, 
many nickel based alloys which are considered to be excel- 
lent in the stress corrosion cracking resistance have been 
used. However, it has been reported that even in the case 
of a 30% Cr-60% Ni system alloy which has generally been 
used, the occurrence of the stress corrosion cracking 
cannot be avoided in certain environments. 

Thus, an object of the present invention is to 
provide an alloy which can overcome such a drawback 
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inherent in the 30% Cr-60% Mi system alloy and which is 
excellent in a corrosion resistance, especially the stress 
corrosion cracking resistance so that it may be used for 
the tubes, the containers and their fittings in the nuclear 
reactors, the chemical plants and the like in the form of 
thick-walled plates, round rods or pipes. 

The inventors of the present case have paid much 
attention to the fact that the aforesaid 30% Cr-60% Mi 
based alloy is finally annealed at a relatively high 
temperature of 980 to 1150°C in compliance with a carbon 
content and is used in a state of including no insolubilized 
carbide, and they have researched into a relation between 
a morphology of the carbide in the alloy system and its 
corrosiveness. As a result, it has been found that an 
active deposition of the carbide, if in the grains 
thereof, is rather effective for the improvement in the 
stress corrosion cracking resistance. Further, in view 
of the report that in environments of a high-temperature 
water including Cl" ions, stress corrosion cracks would 
occur starting from pitting corrosions, the addition of 
Mo, W and V, which are known as elements effective for 
the improvement in the pitting corrosion resistance, has 
been attempted with the intention of strengthening the 
coating. In consequence, it has been found that the 
corrosion resistance, i.e. the stress corrosion cracking 
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resistance of the obtained alloy is noticeably improved 
in cooperation with the aforementioned deposition effect 
of the carbide, and the present invention has now been 
achieved. 

The gist of the present invention is directed to a 
nickel-chromium alloy excellent in a stress corrosion 
cracking resistance which is obtained by carrying out an 
annealing treatment under required conditions, said alloy 
having the following composition: 

in terms of % by weight, 

0.04% or less of C: i nv 

u » 1.0Z or less of Si; 

1.0% or less of Mn; 0.030% or less of P; 

0.02% or less of S; 40 to 70% of „. 

25t ° 35%0fCr * 0.1 to 0.5 % of Al; - 

0.05 to 1.0% of Ti; 

0.5 to 5.0% in all of one or more of Mo, W and V; and 
the residue comprising substantially Fe . 
The above-mentioned required conditions mean anneal- 
ing conditions within a range (Y) surrounded by points 
A, B, c, D and E in Figure 4 attached hereto or an 
annealing operation at a temperature of 900 to 975'C. 
However, in the case of the latter, 0.2 to 5.0% of No' is 
further added to the above-mentioned composition on 
condition that the content of Ti- is 0.2 to 1.0% and Nb/C 
is 10 to 125. 
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The aforesaid range (Y) is determined by A (C = 0%, 
910°C), B (C = 0%, 850°C), C (C = 0.02%, 850°C), D (C = 
0.04%, 900°C) and E (C K 0.04Z, 1000°C). 

If the operation is made under the annealing cqndi- 
5 tions in the range (Y) , the stress corrosion cracking 

resistance of the Ni-Cr alloy, which is heretofore insuf- 
ficient, can be remarkably improved. Such an unexpected 
effect would be considered to be due to a synergistic 
effect of (i) the requirement that the C content is 
10 limited to 0.04% or less and a final annealing is carried 

out at a relatively low temperature in compliance with 
the C content, and (ii) the requirement that at least one 
of Mo, W and V is added as an element for reinforcing 
the coating. 

15 When the annealing operation is carried out at the 

aforesaid temperature of 900 to 975°C according to the 
present invention, the stress corrosion cracking resistance 
of the Ni-Cr alloy, which is heretofore insufficient, 
can also be remarkably improved. Such an effect would be 

20 considered to be due to a synergistic effect of (i) the 

fact that when the C content is limited to 0.04% or less 
and the final annealing operation is carried out at a 
relatively low temperature of 900 to 975°C, in the case 
of the Ni based alloy including 40% or more of Ni, Nb has 

25 a greater carbon-fixing effect than Ti, therefore a less 
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» added £„ r the « lnfotcement of (he eMti ^_ 

»»..«!,. . heat tranafar pipe of a steM ^^^^^ 
» . -1- ««ct„ r such as . ptessurl2ed „ ater reactor 

- .3,. .. aa oaly „ n „ led aUoy or ^ 

75m - 152C *- 8ZF °> - -en .„...«.. t0 

• speo iflc thetmal tteatmant (7oo . c ^ m s ^ 

»«.. r .. Mreb .. „„. revealed that aii ^ ^ 4 - 
-"07 «.* tha haat ttana£ar plpe — 

problems. That is to sav - 

say, a stress corrosion cracking 

sometimes occurs owine to »r, .il ,. 

owing to an alkaline concentrate in the 

gap between the heat tran 6 f 0 , • 

transfer pxpe and a pipe-supporting 

Plate in environments (alkaline environments including 

aBm0n±a hyd — - — S a P H of to 9.5 and 

a temperature of 280=0 on the secondary 8ide of the 
-cl ear reactor, and a pitting corrosion tends to take 
Place owing to Cl~ lons in leafced ^ ^ ^ 

e-ronments on the secondary side of the nuclear reactor 

further, this pitting corrosion will deenlv 

Wlii deeply penetrate and 
«• .f th. pittia . „ ttosion£ , 1U aus _ t vith 

B««.f.». it ls kaoB „ t „ at the epafi£ic thernai 

treatment is given t- rt ^ f , , 

8 t0 3 niCkel bas ^d alloy for the sake 

of the improvement -r« « 

in a stress corrosion cracking resistance 
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(hereinafter referred to as the SCC resistance). For 
example, Japanese Patent Disclosure No. 25216/1979 dis- 
closes a method in which after a final annealing treatment, 
the alloy is successively heated and retained at a temper- 
5 ature of 550 to 850 e C for a period of 1 to 100 hours in 

order to deposit a carbide on crystal boundaries, thereby 
heightening the SCC resistance. Even by such a conventional 
technique, however, a resistance to the stress corrosion 
cracking caused by the alkaline concentrate, i.e. an alkali 
10 stress corrosion cracking resistance and the pitting 

corrosion resistance cannot be improved. Further, in fact, 
the nickel based alloy obtained by such a conventional 
method cannot always provide a satisfactory combination 
of the alkali stress corrosion cracking resistance and 
15 the pitting corrosion resistance.. 

Thus, an object of the present invention is to provide 
an alloy for a heat transfer pipe excellent in the corro- 
sion resistance, especially an alloy for a heat transfer 
pipe excellent in the alkali stress corrosion cracking 
20 resistance and the pitting corrosion resistance. 

Another object of the present invention- is to provide 
an alloy for a heat transfer pipe which can be used 
particularly advantageously under alkali environments in 
a steam generator of a pressurized water reactor. 
25 The inventors of the present case have intensively 
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carried on researches for the achievement of such objects, 
and they have acquired the following knowledges: 

(1) The addition of one or more of elements Mo, W 
and V which are effective for the pitting corrosion resist 

5 ance permits heightening a passive coating on the alloy 

in order to improve the pitting corrosion resistance. 

(2) The alkali stress corrosion cracking resistance 
can he remarkably improved by first heating ^ 

the a li oy for 1 mi nute or more at a temperature not less 
10 than a level at which a carbide ln the . llpy ±- thoroughly 

solnhil i2 ed, in order to carry out an annealing treatment; 
cooling it to a temperature of 200'C or lessi and accom- 
plishing the specific thermal treatment for it at a 
temperature of 600 to 750°C for a period of 0.1 to 100 
15 hours. 

(3) Such an alkali stress corrosion cracking 
resistance can be improved, together with the aforesaid 
betterment in the pitting corrosion resistance, by virtue 
of the addition of one or more of Mo, W and V. 

Since the nickel based alloy, inter alia the high 
Cr-Ni based alloy including 25 to 35% of Cr is small in 
the solubility of C therein, Cr carbide deposits on 
crystal boundaries during the cooling process or practical 
use after the annealing step in order to form Cr-poor 
layers thereon, so that the stress corrosion cracking 
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will take place thereon. Therefore, when carbon is enough 
solubilized during the annealing step and the alloy is 
once cooled to a temperature of 200°C or less and the 
thermal treatment is then carried out by heating it again 
at a temperature within the range of 600 to 750°C for at 
most 100 hours, the deposition of Cr carbide (Cr^Cg) will 
be accelerated, but the formation of the Cr-poor layers 
will positively be inhibited owing to the facilitation of 
a Cr diffusion from its interior which is brought about 
by doing the treatment at a heating temperature for a 
retention time in Figure 2. Such an effect will lead to 
the improvement in the stress corrosion cracking resistance, 
particularly the alkali stress corrosion cracking resistance 
and the pitting corrosion resistance in combination 
with the aforesaid effect based on the addition of one or 
more of Mo, W and V. In this connection, the inventors 
have known that after the final annealing, by once cooling 
the alloy to a temperature of 200°C or less at which no 
diffusion of Cr substantially occurs in the alloy, the 
deposition rate of the carbide at the time of the sub- 
sequent thermal treatment is unexpectedly remarkably 
accelerated, as compared with the case where the thermal 
treatment is successively carried out after the final 
annealing . 

Accordingly, the present invention is characterized 
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by an alloy for heat transfer pipes excellent in an alkali 
stress corrosion cracking resistance which is obtained by 
heating and retaining sa id alloy at a temperature withln 
the range of a temperature (T«C), at which a carbide in 
said alloy i s thoroughly solubili 2e d, to T + 100'C for 
1 minute or more; cooling it once to a level of 200»C or 
less; and carrying out a thermal treatment under conditions 
within a hatched range Z in Figure 15, said alloy 
comprising: 

in terms of % by weight, 

0.15% or less of C; 1>0% or lesg of g . ; 

1.0% or less of Mn; 25 to 35% of Cr . 

40 to 70% of Ni; ft c» 

» 0.5% or less of Al; 

0.01 to 1.0% of Ti; 

0.5 to 5.0%, in all, of one or more of Mo, W and V; 
0.030% or l ess of P . 0.020% or less of S; ' 

and the residue of Fe and impurities. 

As definite from the foregoing, the present invention 
is directed to the alloy for a heat transfer pipe which ls 
excellent in the alkali stress corrosion cracking resistance 
and the pitting corrosion resistance in the alkaline 
environments, but in a preferred embodiment, it is directed 
to the alloy for a heat transfer pipe on the secondary 
Side of a nuclear reactor, for example a heat transfer 
Pipe of a steam generator in a pressurized water reactor. 
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Brief Description of the Drawings ; 

Figure 1 is a schematic diagram illustrating a 
solution temperature of a carbide in a nickel based alloy 
and a temperature range in a first thermal treatment 

5 process; 

Figure 2 is a diagram illustrating an influence of 
conditions of a second thermal treatment process regarding 
the present invention upon a crystal boundary ectcbing 
resistance; and 

10 Figure 3 is a diagram illustrating influences of a 

cooling rate of the first thermal treatment process and 
a temperature retaining time of the second thermal treat- 
ment process regarding the present invention upon the 
crystal boundary etching resistance. 

15 Figures 4 to 8 illustrate the case where annealing 

conditions are in a range (Y) , Figure 4 shows a graph of 
an annealing temperature with respect to a carbon content 
in the present invention; 

Figures 5 to 7 are graphs showing test results of 

20 a crystal boundary etching resistance in Examples accord- 

ing to the present invention; Figure 8 is a graph likewise 
showing test results of a stress corrosion cracking 
resistance; 

Figures 9 to 13 illustrate the case where 0.2 to 5.0% 
25 of Nb is additionally added subject to Ti = 0.2 to 1.0% 
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and Nb/C = 10 to 125 and an annealing temperature is 900 
to 975 8 C, and they are graphs showing test results of 
Examples according to the present invention. : 

Figure 14 is a graph showing a temperature range of 

an annealing treatment regarding the present invention 

with respect to a content of carbon; 

Figure 15 is a graph drawn by plotting alkali stress 

corrosion cracking resistances with respect to heating 

temperatures and retention times of thermal treatment 

conditions; and 

Figure 16 is a graph showing relations between con- 
tents of Mo, V and W and corrosion amounts. 
Detailed Description of the Invention : 

How, referring to FIGS. 1 to 3, the detailed des- 
cription will be made to an alloy to be treated. 

Alloy to be treated: 

The content of Ni is 58% or more, since when it is 
below 58%, the alloy will be poor in an alkali stress 
corrosion cracking resistance. 

When the content of Cr is less than 25%, the alloy 
will have a less crystal boundary etching resistance and 
stress corrosion cracking resistance; when it is more than 
35%, abnormal substances will deposit in the second 
thermal treatment process, which fact will lead to the 
deterioration in ductility. Therefore, the content of 
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Cr is within the range of 25 to 35%. 

With regard to the element B, when its content is 
above 0.003%, the alloy will be poor in the crystal 
boundary etching resistance. Therefore, the content of 
B is 0.003% or less. 

When the content" of C is less than 0.012%, the alloy 
will have an insufficient strength; when it is in excess 

f 0.035%, it will be poor in the stress corrosion cracking 
resistance. Therefore, the content of C is within the 
range of 0.012 to 0.035%. 

Elements P, S and the like are incorporated into the 
product as impurities during a process of a usual iron 
manufacture or steel manufacture, but too much impurities 
have bad influence upon the corrosion resistance. There- 
fore, the content of P is 0.015% or less and that of S 
is also 0.015% or less. 

Further, Mn and Si are added for the sake of a 
deoxidation, a reinforcement of a matrix and a reinforce- 
ment of grain boundaries, but when the content of Mn is 
more than 1%, the alloy will be hard to melt, and when 
the content of Si is more than 0.5%, the alloy will be 
poor in welding properties. Therefore, the content of Mn 
is 1% or less, and that of Si is limited to 0.5% or less. 
First thermal treatment process: 

A temperature T°C at which the carbide of the nickel 
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based alloy is thoroughly solubilized varies with the 
content of C,as elucidated by the schematic view in Figure 
1. If this thermal treatment process is carried out at a 
temperature less than T« C , the carbide will deposit, 
thereby unreasonably increasing a tensile strength, 0.2% 
yield point and hardness, and thus deteriorating the 
stress corrosion cracking resistant. On the contrary, 
if at a temperature more than (T + 100) «C, a grain size, 
of crystals will become remarkably coarse, thereby deteri- 
orating the crystal boundary etching resistance, and merely 
Providing the insufficient tensile strenght, 0.2% yeld point 
and hardness. 

Further, it is natural th . t • th . retenti<m ^ ±- 
P-longed with the increase in the wall thickness of the . 
material, hence it is impossible to uniformly define the 
retention time. However .generally speaking, the retention 
time takes 30 minutes or so per 2.54 cm (1 inch) of thfi 
-terial thickness, and in the case that the material 
thickness is 2.54 cm or less, 1 to 30 minutes will be usual- 
ly taken. Purhter , since ^ ^ ^ 

P-duce coarse crystals on the surface of the material and 
its strength will thus be lowered, it is preferred that the 
retention time is within the range of 1 minute to 2 hours. 

Then, the alloy is cooled, for example, from a level 
of 200'C to room temperature. 
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With regard to a cooling rate of the alloy, the cooling 
rate less than a furnace cooling rate is not advantageous, 
but any rate of the furnace cooling rate or more is in 
fact satisfactory. The cooling rate of the furnace cooling 
5 rate or more can be obtained by, for example, the furnace 

cooling, an air cooling, gas cooling, oil cooling, water 
cooling and the like. 

Second thermal treatment process: 

After retained at a temperature of T°C to (T + 100)°C 
10 for a period of 30 minutes and water cooled in the first 

thermal treatment process, specimens of Table 2 below were 
retained at various heating temperatures for various 
periods of time and were cooled in the same manner as in 
the aforesaid first process. Then, they were immersed 
15 in a boiling solution of 65% HN0 3 and 0.1-N HF for a period 

of A hours. Obtained test results are shown in Figure 2 
below. In a sensitization range in Figure 2, Cr-free 
layers are formed on crystal boundaries, and a crystal 
boundary etching and pitting corrosion thus tend to occur. 

20 Further, in the case of the alloys in an unsensitization 

range therein, there is a probability of their being 
sensitized during their use as the real materials at a 
high temperature, therefore they are also liable to bring 
about the crystal boundary etching. In consequence, the 

25 retention temperature in the second thermal treatment 
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Process must be in a sensitization recovery range in which 
the Cr-free layers recover. Furthermore, when the retentio 
temperature is mor e than 750'C, a solubility of C will be 
great and a solubility difference will result from a 
temperature difference between such a temperature and 
a temperature at the time of a cooling or a 
As a result, a carbide tends to deposit on the crystal 
boundaries. When the retention temperature is less than 
600-C, the retention time more than 100 hours will be 
required, which fact is not economical. Therefore, the 
retention temperature is l lmited t0 the range of 60Q t<> 
750»C. Moreover, when the retention time is less than lo" 1 
hour, the sensitization recovery range cannot be prepared 
at the aforesaid temperature; the retention time more 
than 100 hours is not economical. Therefore, it should be 
within the range of lo" 1 to 100 hours. With regard to 
the cooling rate in this case, any rate of the furnace 
cooling rate or more is satisfactory, as in the first 
thermal treatment process. 

After retained at a temperature of T'C to (T + 100) «C 
for a period of 30 minutes in the first thermal treatment 
P-cess, specimens were heated and retained at a temperature 
of 700'C and were air cooled, and they were then immersed 
in a boiling solution of 65% HNO3 and °'2 8 of Cr 6+ /l lt er 
for a period of 24 hours. Obtained results of crystal 
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boundary etching resistance tests are exhibited in Figure 
3 below. As the same drawing indicates, the sensitization 
range in the second thermal treatment process varies with 
the cooling rate in the first thermal treatment process, 
and it has been found that any case gets into the sensitiza 
tion recovery range within 100 hours. 

In Table 3, results of a variety of tests for the 
specimens in Table 2 are summarized. According to the 
results, it can be understood that present invention 
permits providing the nickel based alloy having the 
remarkably improved crystal boundary etching resistance, 
pitting corrosion resistance, mechanical properties and 
alkali stress- corrosion cracking resistance, in contrast 
with the conventional. 

As described in detail in the foregoing, the nickel 
based alloy according to the present invention can 
noticeably improve the crystal boundary etching resistance 
pitting corrosion resistance, mechanical properties and 
stress corrosion cracking resistance, therefore this 
invention is most suitable for the thermal treatment for 
materials which will be subjected to a high- temperature 
and high-pressure water of 200 to 400°C, for example, 
materials for a container for giving off vapor in a 
nuclear reactor and materials for a cooling system in 
the nuclear reactor. 
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Table 1 

Chemical components of alloys (%) 





C 


Si 


Mn 


P 


S 


Ni 


Cr 


Pe 


Ti 


Al 


Cu 


Inconel 
600 


£ 

0.015 


£0.5 


£1.0 


£0.03 


£ 

0.015 


£72.0 


14.0 
-17.0 


6.0 
-10.0 






£0.5 


Inconel 
690 


£0.05 


£0.50 


£0.50 




£ 

0.015 


£58.0 


27 
-31 


7-11 






£0.5 
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*1) Electro Potentiokinetic Reactivation: A method 
for estimating the crystal boundary etching 
resistance in a potential-current diagram from 
a peak current generated when a voltage which 
has been raised up to a level of a passive 
state range is dropped. 

*2) Retention was made at 360 °C for 1000 hours in a 
running degassed water. 

*3) Retention was made at 300 °C for 1000 hours in a 
high- temperature non-degassed water including 
500 ppm of CI, 

*4) Retention was made at 325 °C for 1000 hours in a 
degassed water including 10% of NaOH. 

*5) Retention was made at 288°C for 1000 hours in a 
high-temperature non-degassed water including 
100 ppm of CI. 
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Then, the present invention, referring to FIGS. 4 to 
8, will be described below. 

The reason why a composition of the alloy according 
to the present invention is defined as mentioned above is 
5 as follows: 

C: 

Since C is an element harmful to the SCC resistance, 
its content is limited to 0.04% or less. - 

Si, Mn and Al: * 
0 These elements all are deoxidizers, and they are 

added in a suitable amount in accordance with melting 
conditions. However, when the contents of Si, Mn and Al 
exceed upper limits of 1.0%, 1.0% and 0.5%, respectively, 
the formed alloy will be deteriorated in cleanness. 
5 Further, when being less than 0.1%, Al is not effective. 
Ni: 

This element is effective to improve a corrosion 
resistance, particularly it serves to improve an acid 
resistance and the SCC resistance in a high-temperature 
3 water including Cl" ions. For the achievement of these 
effects, the content of Ni is required to be 40% or more, 
and its upper limit is set to 70%, taking addition 
proportions of alloy elements of Cr, Mo, W, v and the like 
into consideration. 
Cr: 



- 24 - 



Lb 0109350 

The element Cr is essential for the improvement in 
the corrosion resistance, but its amount less than 25% 
is insufficient to enhance the SCC resistance. On the 
contrary, when it is more than 35%, a hot workability will 
remarkably deteriorate. Therefore, the content of Cr is 
limited to the range of 25 to 35% in the present invention. 

P: 

The element P is present in the alloy as an impurity. 
If its content is above 0.030%, it will exert a harmful 
influence upon the acid resistance and the hot workability. 

S: 

The element S is also one of the impurities. If being 
present in an amount more than 0.02%, it will be deleterious 
to the acid resistance and hot workability, as in the case 
of P. 

Ti: 

This element Ti is added as a stabilizing agent. 
That is to say, even if the contents of P and S are 
controlled below the above-mentioned levels, a remarkable 
effect cannot be obtained. Therefore, in the present 
invention, Ti is added in an amount of 0.05% or more to 
assure the desired hot workability. On the contrary, 
when the content of Ti is more than 1.0%, its effect will 
reach a ceiling level. Therefore, the upper limit of this 
element is to be set to 1.0%. 
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Mo, W and V: 

These elements are effective to heighten the pitting 
corrosion resistance especially in a high-temperature water 
including ci" ions. When the content of at least one of 
these elements is less than 0.5% in all, the passive 
coating on the surface will not be heightened and a 
pitting corrosion will occur, thereby deteriorating the 
stress corrosion cracking resistance. On the contrary, 
when the content of at least one of them is more than 
5.0% in all, the effect of the improvment in the pitting 
corrosion resistance will reach a ceiling level, and the 
hot workability will noticeably be deteriorated. There- 
fore, in the present invention, the amount of one or more 
of Mo, W and V to be added is limited to the range of 0.5 
to 5.0% in all. 
Nb: 

In the nickel based alloy (which includes 40% or more 
of Ni) , Nb is greater in the effect of a carbon fixation 
than Ti. In the present invention, the content of Nb is 
set to the range of 0.2 to 5.0%. In this range, the ratio 
of Nb/C will become 10 to 125. In the case of its amount 
being 0.2% or less, the effect of fixing carbon is small 
and a sensitization will thus occur, thereby generating 
the SCC (stress corrosion cracking) . On the contrary, 
when the content of Nb is more than 5%, the effect (carbon 
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fixation) will reach a ceiling level, and additionally the 
hot workability will noticeably be deteriorated. Therefore, 
its upper limit is set to 5.0%. 

I. Now, reference will be made to the annealing 
treatment under annealing conditions in the above-mentioned 
range (Y) . 

Referring first to Figure 4, lines BC and CD represent 
recrystallization lines of the alloy according to the 
present invention. If the annealing treatment is carried 
out at a temperature below the levels of the lines BC and 
CD, no recrystallization will occur, so that the strength 
of the annealed alloy will be high and its corrosion 
resistance will be bad. Therefore, the annealing treatment 
is required to be carried out at a temperature above the 
levels of the lines BC and CD in accordance with a C 
content in the alloy. On the other hand, a line AE in the 
same drawing means an upper limit of temperatures at which 
the carbon in the alloy is not thoroughly solubilized. 
Accordingly, so long as the annealing treatment is carried 
out at a temperature below this upper limit, a carbide will 
be present in the grains. However, if the annealing opera- 
tion is done at a temperature above a level of the line AE, 
all the carbide will be deposited on crystal boundaries in 
the case that a sensitization treatment is accomplished at 
at a temperature of 600 °C for a period of 3 hours. This 
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will lead to the deterioration in the crystal boundary 
etching resistance. Therefore, the final annealing is 
required to be carried out at a temperature below the 
level of the line AE. 

Now, the present invention will further be described 
in detail in accordance with examples below. 
Examples 1 to 29 

Alloys (Alloy Nos. of the present invention 1 to 29, 
conventional alloys Nos. 30 to 37 and comparative alloys 
Nos. 38 to 41) of compositions comprising chemical com- 
ponents exhibited in Table 1 below were dissolvingly formed 
in a 17-kg vacuum furnace and subjected to a forging f hot 
rolling and thermal treatment under usual conditions, and 
they were then cold rolled as much as 30% , followed by 
annealing at a variety of temperatures. Further, a thermal 
treatment, i.e. a sensitization treatment on conditions , 
600 °C x 3 hours, which were set on the basis of a supposed 
life in practical use was carried out, and 3 -mm- thick x 
10-mm-wide x 40-mm-long speciments for crystal boundary 
etching tests and 2 -mm- thick x 10-mm-wide x 7 5 -mm- long 
specimens for stress corrosion cracking tests were then 
prepared. These speciments were polished by the use of 
emery paper No. 320 and were then employed for the tests 
below. 

First, the specimens for the stress corrosion cracking 
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tests were, after polished, caused to overlap each other 
every 2 specimens and each pair of them was bent into a 
U-shape to prepare double U-bent speciments. The thus 
prepared specimens were immersed in a solution including 
1000 ppm of Cl~ (as NaCl) at 325°C for 1500 hours by the 
use of an autoclave (a high- temperature and high-pressure 
container) . After the completion of the teste/ cracks on 
inside surfaces of the specimens were measured for their 
depth by a microscope. 

On the other hand, the specimens for the crystal 
boundary etching tests were immersed in a boiling solution 
including 60% of HN0 3 and 0.1% of HF for 4 hours, and a 
weight loss caused by the corrosion was measured. 

Obtained test results are shown by graphs in Figures 
5 to 8 . Reference numerals in the graphs represent the 
numbers of the specimen alloys in Table 4. 

A variety of amounts of Ni was added to each fundament- 
al composition comprising 0.02 to 0.03% of C, 25% of Cr 
and 0.6% of Mo according to the present invention to 
prepare alloy specimens, and an annealing treatment was 
then carried out by heating the specimens at 1150°C for 
30 minutes. After water cooling, a sensitization treatment 
was carried out by heating them at 600°C for 3 hours and 
they were then cooled. The aforesaid crystal boundary 
etching tests were accomplished on the specimens to prepare 
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data. Figure 5 exhibits the thus obtained data. The 
aforesaid annealing temperature was higher than that of 
the present invention. 

Even in the case of the allow having the same com- 
position as the alloy according to the present invention, 
if the annealing temperature is high and when 3 hours' 
heating at 600»C (the sensitization treatment) and an air 
cooling operation are carried out, the carbide of Cr 
will all deposit on the crystal boundaries and Cr-free 
layers will be formed in the vicinity of the crystal 
boundaries, so that corrosion will occur. Therefore, 
it is necessary to lower the annealing temperature. 

The graphs in Figure 6 show the crystal boundary 
etching resistances of the alloys comprising the composi- 
15 tions regarding the present invention and conventional 
allohs. The alloys in both the groups which had the 
composition of 0.02 to 0.03% of C and 0.6% of Mo were 
heated at 900°C for 30 minutes to accomplish the annealing 
treatment. After water cooling, they were heated at 600°C 
20 for 3 hours to accomplish the sensitization treatment, 
followed by air cooling. In Figure 6, white and black 
circles represent the alloys including more than 30% of 
Cr and those including 25 to 30% of Cr, respectively. 
As understood from the graphs in this drawing, the alloys 
25 including an Ni amount below 40% are all great in a 
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corrosion rate; the alloys including an Ni amount of 
40% or more have an improved crystal boundary etching 
resistance. Therefore, the Ni content of 40% or more 
is necessary. 

One or more of Mo, V and W were added to each funda- 
mental composition comprising 0.02% of C, 25% of Cr and 
50% of Ni in order to prepare alloy specimens, and an 
annealing treatment was then carried out by heating the 
prepared specimens at 900 °C for 30 minutes. After water 
cooling, the sensitization treatment was carried out by 
heating them at 600°C for 3 hours and they was then air 
cooled. Thus obtained results of the crystal boundary 
etching tests are exhibited in Figure 7. This drawing 
indicates that when the total amount of at least one of 
Mo, V and Wis less than 0.5%, any improvement in corro- 
sion resistance is not seen, but when its content is 0.5% 
or more, the crystal boundary etching resistance is built 
up. This would be considered to allow a Cr 2 0 3 coating 
formed on the alloy surface to stably exist, because the 
added Mo, V and W strengthen the passive coating. Hence, 
the total amount of one or more of the added Mo, V and W 
is required to be 0.5% or more. 

The graphs in Figure 8 show influences of an Ni 
content (%) and Cr content (%) upon the SCC resistance. 
Used alloy specimens were prepared through the annealing 
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treatment of 30 minutes' heating at 900°C, water cooling, 
sensitization treatment of 3 hours' heating at 600°C, and 
air cooling. In this drawing, white and black circles 
represent the alloys without stress corrosion cracks and 
5 those with some cracks of 20 y or more. 

It is apparent that even if the Cr content is 20% or 
more as in the present invention, when the Ni content is 
less than 40%, crystal boundary type stress corrosion 
cracks will occur. Therefore, the Ni content is required 
10 to be 40% or more. 
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II. Next, the following will be made to the anneal- 
ing treatment at a temperature of 900 to 975°C. 

In the present invention, the annealing treatment is 
carried out at a temperature of 900 to 975»C. However, 
when this annealing temperature is less than 900 *C, re- 
crystallization cannot be effected. Therefore, the treated 
alloy has a high strength and is insufficient in the corro- 
sion resistance, on the contrary, when the annealing 
temperature is more than 975 'c, the carbon in the alloy 
will be thoroughly solubilized during the annealing opera- 
tion, so that no carbide will exist in the grains any more. 
Therefore, when a temperature above 975»C is employed for 
the annealing operation and when the conditions of 600°C x 
5 hours are taken for the sensitization treatment, the 
carbide will all deposit on crystal boundaries and the 
crystal boundary etching resistance will thus be deteriorated. 
Accordingly, the final annealing operation in the present 
invention is carried out at a temperature of 900 to 975°c. 

Referring to FIGS 9 to 13, the present invention 
will be described below. 
Examples 30 to 65 

Alloys (Alloy Nos. of the present invention 1 to 36 
and comprative alloys Nos. 37 to 63) of compositions 
comprising chemical components exhibited in Table 5 below 
were dissolving^ formed in a 17-kg vacuum furnace and 
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subjected to a forging, hot rolling and thermal treatment 
under usual conditions, and they were then cold rolled as 
much as 30%, followed by annealing at a variety of temper- 
atures. Further, a thermal treatment, i.e. a sensitization 
treatment on conditions, 600 °C x 5 hours, which were set 
on the basis of a supposed life in practical use was 
carried out, and 3-mm- thick x 10-mm-wide x 40-mm-long 
specimens for crystal boundary etching tests and 2-mm-thick 
x 10-mm-wide x 75-mm-long specimens for stress corrosion 
cracking tests were then prepared. These specimens were 
polished by the use of emery paper No. 320 and were then 
employed in tests below. 

First, the specimens for the stress corrosion cracking 
tests were, after polished, caused to overlap each other 
every 2 specimens and were bent into a U-shape to prepare 
double D-bent specimens. The thus prepared specimens were 
immersed in a solution including 1000 ppm of Cl" (as NaCl) 
at 330 °C for 1500 hours by the use of an autoclave (a high- 
temperature and high-pressure container) . After the com- 
pletion of the tests, cracks on inside surfaces of the 
specimens were measured for their depth by a microscope. 

On the other hand, the specimens for the crystal 
boundary etching tests were immersed in a boiling solution 
including 60% of HN0 3 and 0.1% of HF for 4 hours, and a 
weight loss caused by the corrosion was measured. 
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Graphs in Figure 9 show crystal boundary etching 
test results of the alloys in which about 0.6% of Mo, W 
and v was respectively added to the 25% Cr-55% Ni system 
alloy and various amounts of Nb were added thereto varying 
the ratio of Nb/C. In each case, an annealing treatment 
was carried out by heating the alloy specimens at 950 °C 
for 30 minutes. After water cooling, the sensitization 
treatment was carried out by heating them at 600 °C for 
5 hours and they were then air cooled. Figure 9 indicates 
that the alloys in which the ratio of Nb/C is less than 
10 is very bad in the crystal boundary etching resistance, 
but when this ratio is 10 or more, the crystal boundary 
etching resistance is sharply improved. This phenomenon 
would be pressumed as follows: If Nb is not added to the 
15 alloy in a plenty amount, the sensitization treatment will 
bring about the deposition of Cr carbide on crystal 
boundaries, and Cr-free layers will thus be formed in 
the vicinity of the crystal boundaries, which will lead to 
the deterioration in the corrosion resistance. In order 
to accomplish the fixation of carbon, therefore, an enough 
amount of Nb, i.e. the great ratio of Nb/C is necessary, 
and a value of this ratio is required to be 10 or more. 

Figure 10 shows SCC test results of the alloys in 
which the Nb/C was 15 to 20; a Cr content was 25%; Mo, W 
and V were respectively included in an amount of 0.6%; and 
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an Ni content was caused to vary within the range of 18 
to 75%. The used alloy specimens were prepared by heating 
them at 950°C for 30 minutes to accomplish the annealing 
treatment, followed by water cooling. 
5 The drawing above indicates that if the Ni content is 

less than 40%, even the 25% Cr alloy in which the Nb/C is 
10 or more and Mo, V and W are each contained in an amount 
of 0.6% will bring about some stress corrosion cracks. 
Therefore, it is definite that when the Ni content is 40% 

10 or more, a responsiveness to the SCC will be high. 

Graphs in Figure 11 indicate the presence of a pitting 
corrosion on the Cr-V-W alloys in a high-temperature and 
high-pressure solution including 1000 ppm of CI ions, 
in which alloy the Nb/C was 12 or more and the Ni content 

15 was 40% or more. The alloy specimens were used which were 
prepared by heating them at 950°C for 30 minutes in order 
to accomplish the annealing treatment, followed by water 
cooling. In Figure 11, circle and triangle marks represent 
the alloy specimens including V and the alloy specimens 

20 including W, respectively. As seen from the drawing, if 
the Cr content is less than 25%, the pitting corrosion 
will occur, even though the contents of V and W each are 
0.6% or more and the ratio of the Nb/C is 12 or more. 
Further, if the contents of V and W each are less than 

25 0.5%, the pitting corrosion will occur even if the Cr 
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content is more than 25%. Therefore, it is necessary for 
the inhibition of the pitting corrosion that the Cr content 
is 25% or more and the V or W content is 0.5%, preferably 
0-6%. It can be considered from the foregoing that the 
passive coating only including 25% of Cr is insufficient 
to prevent the occurrence of the pitting corrosion and 
the addition of at least one of V and W in the total amount 
of 0.5% or more permits strengthening the passive coating 
and withstanding an attack of ci~ ions. Thus, it is 
apparent that the pitting corrosion resistance can be 
improved by the synergistic effect resulting from the • 
addition of Cr, V and/or W. 

Figure 12 shows, as in Figure 11, data regarding the 
Pitting corrosion resistance of the alloys each in which 
Mo or a group of Mo, w and v is further included in addi- 
tion to such a synergistic effect. The alloy specimens 
were used which were prepared by heating them at 950-0 
for 30 minutes in order to accomplish the annealing treat- 
ment, followed by water cooling. i„ Pigure 9 , circle and 
rhomb marks represent the alloy specimens including Mo and 
the group of Mo, W and V, respectively. 

It can be understood from the graphs in this drawing 
that the improvement in the pitting corrosion resistance 
is accomplished under the requirements that the content 
of Cr is 25% or more and the content of Mo or the group of 
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Mo, V and W is 0.5% or more, preferably 0.6% or more. 

The graphs in Figure 13 show influence of the anneal- 
ing temperatures upon the stress corrosion cracking. In 
this case, the specimens of alloy Nos. 1 and 12 exhibited 
in Table 5 were employed, and the annealing operation was 
carried out variously changing the annealing temperatures 
within the range of 850 to 1050»C. Then, the sensitization 
treatment was carried out by heating them at 600»C for 
5 hours and they were then air cooled. Stress corrosion 
cracking tests were effected on the thus obtained specimens 
to measure a depth of cracks. As be definite from the 
illustrated data, the alloy specimens which were annealed 
at a temperature of 900 to 975'C are excellent in the stress 
corrosion cracking resistance. This reason would be that 
NbC deposits in order to fix the solubilized carbon. 
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Furthermore, referring to Figures 14 to 16. the present 
invention will be described below. 

The reason why the composition of the alloy and the 
conditions of the thermal treatment are restricted as 
mentioned above in the present invention is as follows: 

Carbon (C) : 

The element C is harmful to the SCC resistance, there- 
fore its content in the present invention is 0.15% or less. 
Silicon (Si) and manganese (Mn) : 

Si and Mn both are deoxidizers, and each amount of 
them is required to be 1.0% or less. However, when each 
amount of the elements is above 1.0%, the alloy will have 
deteriorated welding properties and cleanness. 

Chromium (Cr) : 

The element Cr is an essential component for the main- 
tenance of the corrosion resistance of the alloy according 
to the present invention. When the content of Cr is less 
than 25%, it will be impossible to obtain such a corrosion 
resistance as the present invention requires. On the 
contrary, when it is above 35%, a hot workability of the 
alloy will remarkably deteriorate. Therefore, the content 
of Cr is limited to the range of 25 to 35% in the present 

invention . 

Aluminum (Al) : 

Al is also necessary as a deoxidizer, but when it is 
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above 0.5%, the cleanness of the alloy will be poor. 
Therefore, its content is limited to 0.5% or less. 
Titanium (Ti) : 

When 0.01% or more of Ti is added to the alloy, its 
hot workability will be enhanced; when it is added thereto 
in an amount above 1.0%, its effect will reach a ceiling 
level. Therefore, its upper limit is 1.0%. 

Phosphorus (P) : 

The element P is included as an impurity in the alloy : 
If its content is in excess of 0.030%, it will be harmful ' 
to the SCC resistance and the hot workability. 

Sulfur (S) : 

This element is also included as an impurity in the 
alloy. If its content is above 0.020%, it will be harmful 
to the crystal boundary etching resistance and the hot 
workability. 

Molybdnum (Mo) , tungsten (W) and vanadium (V) : 
These elements all are effective to heighten the 
Pitting corrosion resistance especially in a high-temperature 
water including Cl~ ions. When the content of at least 
one of these elements is 0.5% or less in all, a passive 
coating on the alloy surface will not be heightened and 
the pitting corrosion will thus occur. On the contrary,- 
when the total content thereof is more than 5.0%, its 
effect will reach a ceiling level, and additionally the 
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hot workability will noticeably be deteriorated. Therefore, 
it is preferred that these elements are added to the alloy 
in an amount of 1.0% or more in all. 
Annealing treatment: 
5 When the annealing operation is carried out below 

a temperature (hereinafter referred to as T°C) at which 
the carbide in the alloy is thoroughly solubilized, a 
tensile strength, 0.2% yield point and hardness of the 
■ alloy will become unreasonably great. On the contrary, 
10 when it is done at a temperature above T + 100°C, the 

alloy will have remarkably coarse crystal grains, which 
fact will lead to the deterioration in the corrosion 
resistance, i.e. the crystal boundary etching resistance 
and the crystal boundary stress etching resistance, and 
15 the tensile strength, 0.2% yield point and hardness cannot 

be obtained at predetermined levels. Therefore, the anneal- 
ing temperature in the present invention are from T°C to 
T + 100°C. For example, in an embodiment of the alloy 
including 0.02% of C, an annealing temperature of 1050 to 
20 1150°C is preferable. Further, with regard to a retention 
time, for example, a period of 1 to 120 minutes or 1 to 30 
minutes is necessary, though it varies with a wall thickness 
of the pipe to be formed. With regard to a cooling rate, 
a high cooling rate as in the case of a water cooling is 
25 suitable, but other rates in cases of air cooling and oil 
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cooling as well as a low rate in the case of furnace 
cooling are also acceptable. Special restriction is not 
imposed on this point. By such a cooling means, the alloy 
is cooled to, e.g. 200°C to room temperature. 
5 The above-mentioned temperature at which the carbide 

in the alloy is thoroughly solubilized varies with a carbon 
content as exhibited in Figure 14, but it is, e.g. 950«>c 
at 0.01% carbon content, 1050»C at 0.02% content and 1100»C 
at 0.03% content. 
10 Thermal treatment 

After the aforesaid annealing treatment, the specific 
thermal treatment is carried out by retaining a temperature 
of 600 to 750-C for 0.1 to 100 hours as shown in Figure 
15, whereby the carbide will semi continuously deposit on 
the crystal boundaries and the Cr-poor layers in the 
vicinity of positions where the carbide exists will recover, 
thereby increasing the crystal boundary stress corrosion 
cracking resistance. The reason why such specific thermal 
treatment conditions are restricted to the hatched range 
(Z) in Figure 15 is as follows: On the left side of the 
hatched range (2) in Figure 15, the retention time is 
lacking. As a result, the Cr carbide will deposit on the 
crystal boundaries and the Cr-poor layers formed there- 
around will not enough recover, so that the SCC resistance 
cannot be obtained to a satisfactory degree. On the right 
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side in Figure 15, the hatched range (Z) terminates at a 
position corresponding to 100 hours. Such a restriction 
is for an economical reason, though the farther prolonged 
heating treatment is good for the SCC resistance. Moreover, 
5 with regard to temperature, when it is less than 600°C / 

diffusion rates of Cr and C will be low. Hence, in order 
to cause the Cr-poor layers to recover and to improve the 
SCC resistance at such a temperature, the very longtime 
heating operation will be required, which fact is not 
10 practical. Therefore, the lower limit of the temperature 

is set to 600°C. 

On the other hand, when the temperature is above 750°C, 
the recovery of the Cr-poor layers and the betterment in 
the SCC resistance will be achieved in an extremely short 
period of time. However, since a difference between this 

15 specific heating temperature and a practically used temper- 
ature (300 °C or so) is great, the solubilized carbon will 
deposit in large quantities in the form of the carbide in 
accordance with a dimension of the difference at the time 
of a practical use, so that the crystal boundaries tend 

20 to be remarkably sensitized. However, if the specific 
heating temperature is 750°C or less, the sensitization 
will be lowered to a negligible degree at the practical 
use, because the absolute quantity of the solubilized 
carbon will be small. Therefore, the thermal treatment 

25 conditions in the present invention are restricted to the 
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hatched range (Z) surrounded by points A (10 1 hours, 
750°C), B (10 2 hours, 750»C) and C (10 2 hours, 600«C) in 
Figure 15. 

Now, the present invention will be described in 
accordance with examples, but they are merely exemplary 
and do not intend to limit the present invention at all. 
Examples 1 to 18 

By a vacuum solubilization, 60%Ni-30%Cr alloys (Alloy 
Nos.lto 18 and comparative Alloys Nos. 19 to 26) chemical 
compositions of which were set forth in Table 6 were 
manufactured. The thus manufactured alloys were forged 
at a temperature of 950 to 800 «C to form them into plates 
of 25 mm in thickness and were then hot rolled at 1100'C 
up to a thickness of 7 mm. Next, they were cold rolled 
up to a thickness of 4.9 mm and were retained at a final 
annealing temperature of 1100»C for 20 minutes. Sub- 
sequently, water cooling was carried out to cool them to 
room temperature and 3 hours' thermal treatment at 600<>C 
followed (under conditions based on a supposed life in 

practical environments in use) . 

From these materials, there were prepared 2-mm-thick 

x 10-mm-wide x 75-mm-long specimens for an alkali stress 

corrosion cracking test and 3-mm-thick x 10-mm-wide x 

40-mm-long specimens for a corrosion test. 

The alkali stress corrosion cracking test was 
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accomplished by polishing the specimens with emery paper 
No. 320; bending them into a U- shape and holding them with 
bolts and nuts; immersing them in a solution including 30% 
of NaOH in an autoclave container (a high-temperature and 
high-pressure container) at 325 °C for 2000 hours; and, 
after the completion of the immersion process, measuring 
a depth of cracks by a microscope. 

On the other hand, the corrosion test was accomplished 
by polishing the specimens with emery paper No. 320; 
immersing them in a solution including 100 ppm of Cl" ions 
and having a pH of 4.5 in an autoclave container at 288°C 
for 2000 hours; and measuring a corrosion amount. 

Obtained results are shown in Figures 15 and 16 in 
the form of summary graphs. Numerals in Figure 16 cor- 
respond to the alloy numbers in Table 6. 

Figure 15 presents the stress corrosion cracking test 
results of the specimens of alloy No. 1 under the above- 
mentioned alkaline conditions. In this drawing, white 
circles and black circles represent specimens having cracks 
less than 25 y in depth and those having cracks more than 
25 y in depth, respectively. As be apparent from the 
drawing, the specimens in the hatched range (Z) surrounded 
by points A, B and C have good alkali stress corrosion 
cracking resistance. In this connection, it was confirmed 
that the alloys according to the present invention other 
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than alloy No . 1 als0 hafl substantially ^ 

The data regarding the corrosion resistance in Figure 
16 indicate that when the total content of at least one of 
«o. V and W is less than 0.5%, the effect of the corrosion 
resistance will not be seen, bnt if its content is 0.5% 
or -ore, the corrosion resistance will be Unproved. Jhis 
reason would be that the elements of «o, V and « peImit 
forcing the fm e wa stable coatlng 

Cz 2°3- 

Table 7 summarises the results of the corrosion 
resistance under the same conditions as in Figure 16. m 
this table, circles, triangles and crosses represent 
species not having any pitting corrosion, those having 
the slight pitting corrosions and those having the pitting 
corrosions. It can be understood from these results that 
the alloys according to the present invention are .ore 
excellent in the pitting corrosion resistance, as compared 
«rth the conventional alloys. Particularly, when the total 
amount of «o, V and W to be added is 1.0% or more , the 
alloy can have the extremely excellent pitting corrosion 
resistance. 

As be definite from the foregoing, the alloy accordin, 
to the present invention is excellent in the pitting cor- 
rosion resistance, the stress corrosion craCcing resistance 
and the aljcali stress corrosion cracking resistance, and. 
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in place of the conventional Alloy 600, the alloy according 
to the present invention can be thus used, for example, 
particularly for a heat transfer pipe of a steam generator 
in a pressurized water reactor. 
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What is claimed is: 

1. A nickel-chromium alloy characterized in that 
it is obtained by carrying out an annealing treatment 
under required conditions, said alloy having the following 

composition : 

in terms of % by weight, 
25 - 35% of Cr; 40 - 70% of Ni; 

1.0% or less of Mn; 0.015% or less of C; 

0.030% or less of P; 1-0% or less of Si; 

0.020% or less of S and 

the residue comprising Fe and usual impurities. 
2. A nickel-chromium alloy according to claim 1 
wherein said nickel based alloy for a material which 
will be subjected to a high-temperature and high-pressure 
water or vapor comprises, in terms of % by weight, 58% 
or more of Ni, 25 to 35% of Cr, 0.003% or less of B, 0.012 
to 0.035% of C, 1% or less of Mn, 0.5% or less of Si, 
0.015% or less of P, 0.015% or less of S, and the residue 
of Fe and usual impurities ; in a first thermal treatment 
process, said nickel based alloy is heated and retained 
at a temperature of T'C (at which a carbide is thoroughly 
solubilized) to (T + 100) "C and is cooled at a cooling 
rate of a furnace cooling rate or more, and in a second 
thermal treatment process, said nickel based alloy is then 
retained at a temperature of 600 to 750»C and at a 
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temperature within a sensitization recovery range for 

rate of said furnace cooling rate or more. 

3. A nickel-chromium alloy according to claim l 
wherein said nickel-chromium alloy is obtained by carry . 
xng out an annealing treatment under reguired conditions, 
saxd alloy having the following composition: 
in terms of % by weight, 

0.04% or less of C; in*, 

or less of Si; 

1.0% or less of Mn; n mn» 

' 0.030% or less of P; 

0.02% or less of S; An t 

40 to 70% of Ni; 

25 to 35% of Cr; n , , 

0.1 to 0.5% of Al; 

0.05 to 1.0% of Ti; 

0.5 to 5.0, i„ all of one or mm of w ^ ^ m4 
the residue comprising substantially Fe. 

4. A nickel-chromium alloy according to claim 3 
Wherein said retired conditions are in . rwi g e (Y) sar . 
redded by points. A, B.C. D and E in Figure «. 

5. A nickel-chromium alloy according to claim 3 
wherein said reguired conditions are that an annealing 
temperature for said annealing treatment is within the 
r M ge of 900 to 975-c and said composition further 
includes 0.2 to 5.0% of m, subject to Nb/C = 10 to 125 
and Ti . 0.2 to 1.0S. 

6. A nickel-chromium alloy for heet transfer pipes 
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according to claim 1 wherein said nickel-chromium alloy 
is obtained by heating and retaining said alloy at a 
temperature within the range of a temperature (T°C) , at 
which a carbide in said alloy is thoroughly solubilized, 
to T + 100°C for 1 minute or more; cooling it once to 
a level of 200°C or less; and carrying out a thermal , 
treatment under conditions within a hatched range (Z) in 
Figure 15, said alloy comprising: 
in terms of % by weight, 

0.15% or less of C; 1-0% or less of Si; 

1.0% or less of Mn; 25 to 35% of Cr; 

40 to 70% of Ni; 0.5% or less of Al; 

0.01 to 1.0% of Ti; 

0.5 to 5.0%, in all, of one or more of Mo, W and V; 
0.030% or less of P; 0.020% or less of S; 

and the residue of Fe and impurities. 
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@ Nickel-chromium alloy. 

© The present invention provides a nickel-chromium alloy, 1 .0% or less of Si; 0.030% or less of P; 

which has excellent mechanical properties, improved pitting o.020% or less of S and 

corrosion resistance, good stress corrosion cracking resist- the residue comprising Fe and impurities. 

ance and crystal boundary etching resistance. The Ni-Cr alloy 

is obtained by carrying out a double annealing treatment, 

said alloy having the following composition in terms of % by 

weight, 

40-70 % of Ni ; 25 - 35% of Cr; 

0.015% or less of C; 1.0% or less of Mn; ./... 



Croydon Punting Company I td 



F I 6. 2 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



01 09350 

.Application number 

EP 83 73 0106 



Category 



nnmiMENTS CONSIDERED TO BE RELEVANT 



CiUlion ol document with indication, whore appropriate, 
ol relevant passages 



GB-A- 483 744 (DRIVER HARRIS WIRE 
I CO. ) 

* Abstract a,b; page 1, lines 
15-28 • 

FR-A-2 001 576 (INTERNATIONAL 
I NICKEL LTD) 

* Claims 1,4 * 



US-A-3 303 531 (OGDEN) 
I* claim 1 * 

& DE-A-1 660 280 
& GB-A-1 104 193 

IdE-A-2 809 081 (HITACHI LTD) 
* Claims 1,2; page 24, table, 
example 8; page 11, "Beschrei- 
bung", first paragraph * 

P,Y I FR-A-2 507 630 (SUMITOMO METAL IND. 
Claims 1-7 * 



Relevant 
to claim 



Placa of saarch 

The Hague 



Data ol completion ol the search 

21-04-1987 



CLASSIFICATION OF THE 
APPLI CATION tint CM) 

C 22 C 19/05 
C 22 F 1/10 



TECHNICAL FIELDS 
SEARCHED (tnt CM> 



C 22 F 

C 22 C 



Examiner 

LIPFENS 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
p : intermediate document 



T • theory or principle underlying the invention 
E ! eariieY patent document, but published on. or 

after the filing date 
0* document cited in the application 
L : document cited for other reasons 

A. : member of the same patent family, corresponding 

document 



European Patent 01093 50 

QW Office 



CLAIMS INCURRING FEES 



□ 



The present European patent application comprised fit 1he lime of fiUng more than ten claims. 

Alt claims fees have been paid within the prescribed time limit The present European search report has been 
drawn up for all claims. 

r-i only part of the claims fees nave been paid within the prescribed time limit The present European search 
report has been drawn up tor the first ten dslms and tor those claims for which claims fees have been paid. 

namely claims: 

No claims fees have been f>ald within the prescribed time limit The present European search report he* been 
drawn up tor the first ten claims. 



□ 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the requirement of unity of 

invention and relates to several Inventions or groupi of Inventions. 

namely: 

1) Claim Is Ni-Cr alloy with maximum 0,015% C 

2) Claim 2: Ni-Cr alloy with 0,012 to 0,035% C 

3) Claims 3-5: Ni-Cr alloy with maximum 0,04% C 

4) Claim 6: Ni-Cr alloy with maximum 0,15% C 



□ 
□ 



All further search fees have been paid within the fixed time limit. The present European seerch report has 
been drawn up tor all claims. 

Only part of the further search tees have been paid within the fixed time limit The present European search 
report has been drawn up for those parts of the European patent application which relate to the Inventions In 
respect of which search fees have been paid, 

namely claims: 1 , 6 

None of the further search fees has been paid within Ihe tlxed time limit The present European search report 
has been drawn up for those parts of the European patent application which relate to the Invention first 
mentioned In the claims. 



namely claims: 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



^TBLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . - 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




f HIS PAGE BLANK (USPTO) 



